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Abstract 
Fatty liver is among the most common liver diseases with continuously growing incidences 
worldwide. It describes the pathological buildup of lipids in hepatocytes. For a more detailed 
analysis of the underlying molecular mechanisms, a simple and reliable model of fatty liver is 
desired and Drosophila melanogaster is considered as a candidate to develop these models. 
In Drosophila, as in other insects, the functional role of the liver is taken by so called oenocytes 
that accumulate fat in times of starvation, because they act as a relay tissue for the usage of 
fatty acids.  
The major goal of this project was to unravel the regulation of this complex process of lipid 
transport and processing. For that, firstly, I manipulated the cAMP level in oenocytes in order 
to evaluate if hormonal signals converging onto the second messenger cAMP modify their 
physiology. It is evident that short-term starvation results in a significant increase in both, 
number and size of accumulated lipid droplets. Light induced activation of a photo-activatable 
bacterial adenylate cyclase that was exclusively expressed in oenocytes enhanced this effect 
significantly. Moreover, even under well-fed conditions, cAMP activation induced the 
occurrence of lipid droplets in these cells. Furthermore, I could show expression of some 
hormone receptors and genes in the adult oenocyte that might be responsible for the in vivo 
regulation of cAMP in these cells. Only the tyramine receptor TyrRll is strongly expressed, 
whereas minor expression was obvious for the dopamine receptors DopR, DopR1 and the 
serotonin receptor 5HT1A. Moreover, I could show upregulation of bmm, dilp6, Thor, upd3 
and SOCS, genes which are play a role in the lipid metabolism and immunity, in response to 
starvation. Secondly, I manipulated the JAK-STAT signaling pathway in adult oenocytes via the 
overexpression of either the ligand upd3 or the transcription factor STAT proteins. I showed a 
significant increase in the accumulated lipid droplets associated with the combined effects of 
starvation and JAK-STAT pathway activation. Excessive amounts of accumulated lipids in 
oenocytes had a negative effect on the basic metabolic rate and starvation resistance of the 
adult flies. The observed phenotype mirrors the situation found in humans with 
heptosteatosis, meaning fatty liver. In the last part of this study, I highlighted the gut 
microbiota-oenocyte axis that plays an important role in lipid metabolism and host physiology. 
However, this relationship still poorly understood in Drosophila. To investigate the effect of 
gut microbiota on the oenocyte’s lipid metabolism and host physiology, I compared the 
number and size of accumulated fat droplets in the adult oenocyte, host metabolic rate, host 
fat amount as well as survival between conventional and germ-free flies during starvation and 
and fed conditions. In germ-free flies, I have shown that short-term starvation leads to a 
significant decrease in the number and size of accumulated fat droplets in the oenocyte 
without any effect on the total body fat. Moreover, germ-free flies showed a significant 
decrease in the metabolic rate as well as in their lifespans.  
Taken together, the present work could pave the way for better understanding of the complex 
regulatory network that controls the activity of the hepatocyte-like cells and to understand 
molecular events underlying the pathogenesis of metabolic inflammation of the liver. 
